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Description 

GRADIENT COIL APPARATUS AND 
METHOD OF ASSEMBLY THEREOF 

Cross Reference to Related Applications 

[0001] This application claims the benefit of a priority under 35 

U.S.C. 119 to Great Britain Patent Application No. 

0329672.0 filed December 22, 2003, the entire contents 

of which are hereby incorporated by reference. 
Background of Invention 

[0002] The invention relates generally to a gradient coil assembly 
and a method for assembling the gradient coil assembly. 

[0003] Magnetic Resonance Imaging (MRI) machines utilize gradi- 
ent coils to generate magnetic fields along desired axes. 
Further, adjacent gradient coils are generally separated a 
predetermined distance. Further, a gap formed between 
first and second gradient coils is generally filled with a 
nonconductive epoxy resin. The inventor herein has rec- 
ognized that air bubbles may be trapped within the non- 
conductive epoxy resin. During energization of first and 



second gradient coils, a voltage potential may be induced 
between a first end and a second end of each air bubble 
contained with the resin. When the voltage potential 
reaches a predetermined threshold voltage, an electro- 
static discharge may be propagated across the air bub- 
bles. The electrostatic discharge may generate undesir- 
able bursts of electromagnetic radiation that can create a 
"snowy" image in an MRI machine. 
[0004] Thus, the inventor herein has recognized that there is a 
need for minimizing a voltage potential induced in com- 
pounds, such as resins or glues, disposed between first 
and second gradient coils. By minimizing the induced 
voltage potential, the inventor has realized that undesir- 
able electrostatic discharges can be minimized and/or 

eliminated. 
Summary of Invention 

[0005] The foregoing problems and disadvantages are overcome 
by a gradient coil assembly and method for assembling 
the gradient coil assembly in accordance with the exem- 
plary embodiments disclosed herein. 

[0006] a gradient coil assembly in accordance with exemplary 
embodiments includes a a gradient tube extending along 
an axis. The tube includes first and second gradient coils 



and a conductive compound disposed between the first 
and second gradient coils. 

[0007] a method for assembling a gradient coil assembly in ac- 
cordance with exemplary embodiments is provided. The 
method includes disposing a first gradient coil on a first 
gradient tube. The method further includes disposing a 
conductive compound between the first gradient coil and 
a second gradient coil. 

[0008] other systems and/or methods according to the embodi- 
ments will be or become apparent to one with skill in the 
art upon review of the following drawings and detailed 
description. It is intended that at all such additional sys- 
tems, methods, and/or computer program products be 
within the scope of the present invention, and be pro- 
tected by the accompanying claims. 
Brief Description of Drawings 

[0009] Figure 1 is a block diagram of an MRI imaging system. 

[0010] Figure 2 is a cross-sectional view of a gradient tube as- 
sembly used in the MRI imaging system. 

[001 1] Figure 3 is a flowchart of a method of assembling the gra- 
dient tube assembly. 
Detailed Description 



[0012] Referring to the drawings, identical reference numerals 
represent identical components in the various views. Re- 
ferring to Figure 1, an exemplary MRI system 10 is pro- 
vided for generating images of a person 18. MRI system 
10 may comprise a magnetic assembly 12, a gradient am- 
plifier unit 14, and a system controller 16. 

[0013] Magnetic assembly 12 is provided to generate magnetic 
fields that will be propagated to person 18. Assembly 12 
may comprise a housing 15 defining a chamber 17 for re- 
ceiving person 18. Assembly 12 may further comprise po- 
larizing magnets 20, and a gradient coil assembly 22 hav- 
ing (X) coils, (Y) coils, and (Z) coils. Gradient coil assembly 
22 generate magnetic fields along a predetermined X- 
axis, Y-axis, Z-axis in response to signals received from 
the (Gz) amplifier, (Gy) amplifier, and (Gz) amplifier, re- 
spectively, contained in gradient amplifier unit 14. 

[0014] Referring to Figure 2, an exemplary gradient coil assembly 
22 includes an inner gradient coil assembly 23, an outer 
gradient coil assembly 25, and an epoxy layer 54 dis- 
posed between assemblies 23,25. 

[0015] inner gradient coil assembly 23 includes an inner gradient 
tube 24, an inner (Z) coil 27, an inner (Y) coil 28, an inner 
(X) coil 30, and conductive compound layers 27, 32. 



[0016] inner gradient tube 24 is provided to be disposed within 
an outer gradient tube 26 and is disposed about an axis 
31. Gradient tube 24 may be constructed from a fiber 
composite material comprising one or more layers 
wherein each layer comprises a plurality of fibers such as 
glass fibers, carbon fibers, Kevlar fibers, and aluminum 
oxide particles, coated with the epoxy resin. 

[0017] inner (Z) coil 27 is provided to generate a magnetic field 
gradient along a predetermined Z-axis (not shown). Coil 

27 may be disposed proximate gradient tube 24. In par- 
ticular, coil 27 may be disposed on an outer surface of 
tube 24. Coil 27 may include a plurality of copper con- 
ductors 36 disposed in a plurality of grooves 34 formed in 
tube 24. 

[0018] inner (Y) coil 28 is provided to generate a magnetic field 
gradient along a predetermined Y-axis (not shown). Coil 

28 may comprise a plurality a saddle coils (not shown). 
Coil 28 may be disposed a predetermined distance away 
from coil 27. In particular, a gap (CI) may be defined be- 
tween coils 27, 28. A conductive compound layer 27 may 
be disposed in the gap (CI) which will be explained in 
greater detail below. 

[0019] inner (X) coil 30 is provided to generate a magnetic field 



gradient along a predetermined X-axis (not shown). Coil 
30 may comprise a plurality of saddle coils (not shown). 
Coil 30 may be disposed a predetermined distance away 
from coil 28. In particular, a gap (G2) may be defined be- 
tween coils 28, 30. A conductive compound layer 32 may 
be disclosed in the gap (G2) which will be explained in 
greater detail below. 
[0020] Conductive compound layers 30, 32 are provided to mini- 
mize the build up of an electric field, E. between adjacent 
gradient coils to minimize any electrostatic discharges in 
air bubbles contained within layers 30, 32. Conductive 
compound layers 30, 32 may be formed from a potting 
compound. For example, conductive compound layers 30, 
32 may be formed from a glue such as an epoxy resin 
(e.g., bisphenol-A resin) and a chemical hardener such as 
an anhydride hardener. Alternately, conductive compound 
layers 30, 32 may be formed from another type of glue, 
such as a polyester resin. Further, conductive compound 
layers 30, 32 may contain a plurality of conductive parti- 
cles such as one of carbon particles, silver particles, cop- 
per particles, or gold particles, for example. Further, each 
of the plurality of conductive particles may have a diame- 
ter within the range of 1 to lOum. Further, the plurality of 



conductive particles are preferably disbursed substantially 
uniformly throughout layers 30, 32. The volume percent- 
age of conductive particles to resin plus hardener is 
preferably 0.1% or less of conductive particle volume to 
99.0% or greater of resin plus hardener volume. The con- 
ductive compound layers 30,32 preferably limit a current 
flowing through layers 30,32 to less then 10 microamps. 

[0021] Outer gradient coil assembly 25 includes an outer gradi- 
ent tube 26, an outer (Z) coil 40, an outer (Y) coil 42, an 
outer (X) coil 44, and conductive compound layers 46, 48. 

[0022] Outer gradient tube 26 is disposed around an inner gradi- 
ent tube 24 and is disposed about axis 31. Gradient tube 
26 may be constructed from a fiber composite material 
comprising one or more layers wherein each layer com- 
prises a plurality of fibers such as glass fibers, carbon 
fibers, Kevlar fibers, and aluminum oxide fibers, coated 
with the epoxy resin. 

[0023] Outer (Z) coil 40 is provided to generate a magnetic field 
gradient along the Z-axis that is disposed to provide elec- 
tromagnetic shielding of the inner (Z) coil 27 such that 
any magnetic flux straying outside of the complete gradi- 
ent coil assembly 22 is minimized. Coil 40 may be dis- 
posed proximate gradient tube 26. In particular, coil 40 



may be disposed on an outer surface of tube 26. Coil 40 
may include a plurality of copper conductors 52 disposed 
in a plurality of grooves 50 formed in tube 26. 
[0024] Outer (Y) coil 42 is provided to generate a magnetic field 
gradient along the Y-axis that is disposed to provide elec- 
tromagnetic shielding of the inner (Y) coil 28 such that 
any magnetic flux straying outside of the complete gradi- 
ent coil assembly 22 is minimized. Coil 42 may comprise 
a plurality a saddle coils (not shown). Coil 42 may be dis- 
posed a predetermined distance away from coil 40 . In 
particular, a gap (G3) may be defined between coils 40, 
42. A conductive compound layer 46 may be disposed in 
the gap (G3) which will be explained in greater detail be- 
low. 

[0025] Outer (X) coil 44 is provided to generate a magnetic field 
gradient along the X-axis that is disposed to provide elec- 
tromagnetic shielding of the inner (X) coil 30 such that 
any magnetic flux straying outside of the complete gradi- 
ent coil assembly 22 is minimized. Coil 44 may comprise 
a plurality of saddle coils (not shown). Coil 44 may be dis- 
posed a predetermined distance away from coil 42. In 
particular, a gap (G4) may be defined between coils 42, 
44. A conductive compound layer 48 may be disclosed in 



the gap (G4) which will be explained in greater detail be- 
low. 

[0026] Conductive compound layers 46, 48 are provided to mini- 
mize a voltage potential between adjacent gradient coils 
to minimize any static electricity discharges in air bubbles 
contained within conductive compound layers 46, 48. 
Conductive compound layers 46, 48 may be formed from 
the same types of materials as used for conductive com- 
pound layers 30, 32 and have similar current characteris- 
tics. 

[0027] Epoxy layer 54 may be disposed between inner gradient 
coil assembly 23 and outer gradient coil assembly 25 to 
maintain a predetermined distance between assemblies 
23, 25. Epoxy layer 54 may be formed from an epoxy 
resin or a polyester resin. Epoxy layer 54 is preferably 
substantially non-conductive. 

[0028] Referring to Figure 3, an exemplary method for assem- 
bling gradient coil assembly 22 will now be explained. At 
step 70, inner (Z) coil 27 is affixed to inner gradient tube 
23. 

[0029] Next at step 72, inner (Y) coil 28 is disposed over inner (Z) 
coil 27 so that a gap (Gl) is obtained between coils 27, 
28. 



[0030] N ex t at step 74, inner (X) coil 30 is disposed over inner (Y) 
coil 28 so that a gap (G2) is obtained between coils 28, 
30. 

[0031] Next at step 76, conductive compound layer 30 is dis- 
posed between coils 27, 28 and conductive compound 
layer 32 is disposed between coils 28, 30. The conductive 
compound layers 30, 32 may be disposed in gaps (Gl), 
(G2) using vacuum impregnation as known to those 
skilled in the art. 

[0032] Next at step 78, conductive compound layers 30, 32 are 
allowed to cure for predetermined amount of time. 

[0033] Next at step 80, outer (Z) coil 40 is affixed to outer gradi- 
ent tube 26. 

[0034] Next at step 82, outer (Y) coil 42 is disposed over outer 

(Z) coil 40 so that a gap (G3) is obtained between coils 40, 
42. 

[0035] Next at step 84, outer (X) coil 44 is disposed over outer 

(Y) coil 42 so that a gap (G4) is obtained between coils 42, 
44. 

[0036] Next at step 86, conductive compound layer 46 is dis- 
posed between coils 40, 42 and conductive compound 
layer 48 is disposed between coils 42, 44. Conductive 
compound layers 46, 48 may be disbursed in gaps (G3), 



(G4) using vacuum impregnation as known to those 

skilled in the art. 
[0037] N ext at step ss j conductive compound layers 46, 48 are 

allowed to cure for a predetermined amount of time. 
[0038] Next at step 90, inner gradient tube 24 is disposed within 

outer gradient tube 26. 
[0039] Next at step 92, and epoxy resin 54 is disbursed in a gap 

between inner gradient tube 24 and outer gradient tube 

26 using vacuum impregnation as known to those skilled 

in the art. 

[0040] Next at step 94, the epoxy resin in gap 54 is allowed to 
cure. 

[0041] it should be noted that the order of the steps disclosed in 
the foregoing method for assembling gradient coil assem- 
bly 22 could be switched in order or modified as known to 
those skilled in the art. 

[0042] The gradient coil assembly and method related thereto 
provides a substantial advantage over known assemblies 
and methods. In particular, the inventive gradient coil as- 
sembly utilizes a conductive compound disposed between 
adjacent gradient coils to minimize the build-up of elec- 
tric field, E, across a voltage potential in air bubbles con- 
tained within the potting compound. Accordingly, unde- 



sirable electrostatic discharges within the air bubbles are 
reduced and/or minimized. 
[0043] while the invention is described with reference to an ex- 
emplary embodiment, it will be understood by those 
skilled in the art that various changes may be made an 
equivalence may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to the teachings of the 
invention to adapt to a particular situation without de- 
parting from the scope thereof. Therefore, is intended 
that the invention not be limited the embodiment dis- 
closed for carrying out this invention, but that the inven- 
tion includes all embodiments falling with the scope of 
the intended claims. Moreover, the use of the term's first, 
second, etc. does not denote any order of importance, but 
rather the term's first, second, etc. are us are used to dis- 
tinguish one element from another. 



